In this paper a reversible logic gate constructed from a Mach-Zehnder interferometer and a crystal with an intensity-dependent refractive index will be discussed. The device may be operated at the "quantum level" with single photons carrying the logical status, or at a macroscopic level with light pulses. The device is all optical. By operating at optical frequencies it is essentially isolated from thermal noise and is thus the ideal device for analyzing the ultimate quantum limits to reversible computation. The conclusions can be described as follows. A device realizing a logical primitive has a certain number of inputs and outputs. If it is dissipative, energy is 
Letter. A device which dissipates no energy is potentially reversible. Thus we are led to consider reversible logic gates. Such a device, however, need not be error free; that is, its output may have been "1" when it should have been "0. " Does quantum mechanics impose any fundamental limits to computation, even for those performed by reversible gates? The consensus appears to be that it does not. 4 'o This conclusion is based on analyzing particular, rather idealized models for reversible computation, according to quantum-mechanical principles.
Benioff discussed a quantum model for a standard Turing machine. Feynman has proposed a model for a reversible logic gate based on a two-state quantum system, such as spin. A somewhat more realistic, though less ideal model based on an ac SQUID has been proposed by Likharev, " while Obermayer, Mahler, and Haken' have suggested a solid-state bistable device. These devices, however, are not isolated from thermal or quantum fluctuations in the environment.
An optical Fredkin gate has been proposed by Shamir et al. ' In this paper a reversible logic gate constructed from a Mach-Zehnder interferometer and a crystal with an intensity-dependent refractive index will be discussed. The device may be operated at the "quantum level" with single photons carrying the logical status, or at a macroscopic level with light pulses. The device is all optical. By operating at optical frequencies it is essentially isolated from thermal noise and is thus the ideal device for analyzing the ultimate quantum limits to reversible computation. The conclusions can be described as follows. A device realizing a logical primitive has a certain number of inputs and outputs. If it is dissipative, energy is 
